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ABSTRACT

An experinmental program was carried out in several Big Hill wells to
determ ne whether salt creep closure is likely to result in borehole size being
reduced to that of the outside diameters of hanging strings in the wells.
Measured creep closures were sufficient to indicate the need for a small
| eaching program to ensure the boreholes would not close into contact with the
hanging strings in the event that |arge scale leaching is not inplemented in
the near future. Theoretical calculations of creep closure using the "SANCHO'
finite element conputer programindicated radial and volunetric closures |ess
than experinental values by factors of 4 and 2.5, respectively.
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| NTRODUCTI ON

The Department of Energy (DOE) Strategic Petrol eum Reserve (SPR) Big Hill
site is planned to include 14 caverns having a total storage capacity of 140

zillion barrels of crude oil. The ten wells (106A and B through 110A and B)
for the first five caverns (106 through 110) at Big H Il were drilled in 1983-
1984, Before their conpletion, adm nistration budget constraints dictated an

indeternminate delay before salt |eaching for oil storage caverns woul d begin.
Because of salt creep closure of the wells, a question arose as to whether the
hanging strings should be installed in the wells. It was considered possible
that over an extended period of time, the boreholes would close to the extent
that the salt would contact the hanging strings in the wells and prevent the

Leginning of  leaching and would al so prevent string renoval. Theé hangi ng
strings had already been procured and their installation in the wells was part
of the existing well construction contract. A decision was made by the SPR

Proj ect Managenent O fice (PMO to install the hanging strings in the wells.
Sandi a Nati onal Laboratories (Sandia) was tasked by the SPR PMO with
devel opnent and inplenentation of a programto ensure that the strings woul d
remain free of the salt. This report describes the program and presents
experi ment al and analytical results obtained during its inplenentation.
Prelimnary results of the programare described in Reference 1.

H STORY AND BACKGRCUND

The Big Hill SPR site, located in Jefferson County, Texas, was procured by
the DCE as part of the planned expansion of the SPR crude oil storage capacity

to 750 milliom barrels. The site, described in Reference 2, was planned to
include 14 oil storage caverns, each having a 10 mllion barrel storage
capacity. The site has a commercial history which dates back to 1901, but

commer ci al oi |l production did not begin until 1949. Production wells on the
sout hwest flank of the done are currently being operated. The Union Ol
Conpany operates two liquified-petroleumgas (LPG storage caverns on the
northern part of the dome.

A layout of the site from Reference 3 is shown in Figure 1. Two wells
were drilled for each planned cavern. Wells 106A and B through 110A and B were
drilled between md-1983 and early 1984. Eighteen additional wells (101A and B
t hrough 105A and B and 111A and B through 114A and B) were conpleted in late
1985. Cavern leaching was initially planned to begin in late 1985, but was
del ayed because of budget constraints. A prelimnary analysis by Sandia and
DCE indicated the risk of hanging string capture due to salt creep would not be
great in the immediate future but that a creep nmonitoring program should be
i npl enented to provide an early indication of possible string capture.



VELL DESCRI PTI ONS

Figures 2 and 3 are sketches of the wells. The wells include: a 42-in
conductor pipe driven to about a 120-ft depth; a 30-in casing cenented 15 to
100 ft into the caprock; a 20-in casing cenented to about a 1750-ft depth; and
a 13 3/8-in production casing cenented to about a 2100-ft depth. The main
di fference between the "A" and "B" wells is in the configuration of the hanging
strings. The "A" wells have a single 10 3/4-in casing hung to about a 2680-ft
depth. The "B" wells have both 10 3/4 and 7-in hanging strings. The 7-in
casing is hung to about a 4665-ft depth, slightly less than total well depth.
The 10 3/4-in casing is hung to a depth of about 4365 ft, 300 ft above the 7-in
casi ng. The hanging strings of the "A" and "B" wells are configured for the
begi nning of cavern [eaching.

Start and conpletion dates for the wells are as shown below. A so shown
are the nunber of days between well conpletion and the reference date of
10/01/83 used in Tables | and II.

Days From10/01/83 To

VWl | Nunber Start Date Conpletion Date VWl |l Conpletion
106a 11/24/83 02/01/84 122
106B 07/24/83 11/21/83 51
107A 07,/05/83 11/18/83 48
107B 11/20/83 02/01/84 122
108A 06/17/83 10/23/83 22
108B 10/26/83 01/03/84 94
109A 06/10/83 09,/09/83 -22
1098 09/14/83 11/27/83 57
110A 06/27/83 09/19/83 -12
110B 09/22/83 11/23/83 53

EXPERI MENTAL  PRCCEDURES

Pressure Buildup and Bleed Of

Shortly after the well pressure tests, Reference 4, the wells were shut in
and the well pressures were allowed to increase as salt creep caused the wells
to close. Pressures were allowed to increase to values near 500 psi, the
pressure at which wellhead pressure relief valves were set to open. Follow ng
pressure buildup, brine was bled fromthe wellheads through a flexible hose
into a volunme calibrated container and neasured. The first pressure cycles
following the pressure tests included bl eeding wellhead pressures to relatively



| ow val ues (approachi ng at nospheric pressure), so as to increase the tine
bet ween successive bleed offs. However, after about seven nonths, the vol unes
bled were generally linmted to prevent wellhead pressures from droppi ng bel ow
about 300 psi.

Pressures were neasured wth 2000-psi and 600-psi dial type gauges read
daily and periodically calibrated by on-site personnel of the nangagenent and
operations contractor (POSSI and Boeing Petroleum Services Inc., (BPSI)). On
each wellhead, the 600-psi gauge was installed to measure pressure in the 13
3/8 x 10 3/4-in annulus. On the "B" wells, the 2000-psi gauges were installed
to measure pressures in the 10 3/4 x 7-in annuli. On the "A" wells, without
the 7-in hanging strings, the 2000-psi gauges were installed to neasure
pressures in the 10 3/4-in string.

Pressure buildup and bleed off neasurements were continued from February
1984 to Decenber 1985.

Borehole Caliper lLogs

Cal i per logs were obtained in the open salt sections of selected borehol es
below the hanging strings in February 1984 and again in Decenber 1985. The
logs were obtained using the Mcro Gage, Inc. O-armcaliper tool and were as
foll ows:

Wel |l Number Februarv 1984 Decenber 1985

106. 4 Log Log
10638 Log Log
107A Log No Log
107B Log Log
108A No Log No Log
108B No Log Log
109A No Log No Log
109B No Log Log
1104 Log Log
110B Log Log

The | ogging program was restricted in February 1984 by inaccessibility of
the well pads because of extrenely nmuddy roads. In December 1985, the program
was restricted by funding limitations.



The 4-arm caliper tool was calibrated out of the well by use of 8 and 24-
i n gauge rings. The calibrations, which were repeated for several | ogs,
indicated standard deviations in dianeter of 0.3 to 0.4 in (standard deviations
in radius of 0.15 to 0.20 in). These standard deviations correspond to 0.025
to 0.043-in pen displacenment on the caliper record, and are probably |ess than
tize the resolution of the log records. The average calibration results with
the two gauge rings indicated instrument linearity of about 2 percent. During
each actual well log, caliper readings were obtained in the |ower portion of
the hanging string just after obtaining results in the open borehole. Based on
gauge ring calibration results, the average indicated inside diameter of the 7
in casing was 0.8 in too large and that for the 10 3/4-in casing was 0.25 in

too small. Because of these inconsistencies, open borehole dianmeters were
cal cul ated using the assunption of caliper linearity and the known inside
diameter of the hanging string as a one-point calibration. It is believed that

this procedure reduced possible borehole caliper errors due to effects on the
instrument of pressure, tenperature, and tine.

Borehole Tenperature Measurements

Tenmperature logs were run in selected wells in February 1984 and Decenber
1985 using a tenperature tool devel oped by Southwest Research Institute for
Sandi a. For the February 1984 logs, the tool, which transmts digital signals
to the surface, was run on a Schlunberger 7-conductor wireline. Subsequent to
these logs, the tool was nodified by Southwest Research Institute to allow it
to be used with either a single-conductor or a 7-conductor wireline. For the
Decenber 1985 logs, the tool was run on a Mcro Gage single conductor wireline.
The temperature | 0ogs included the follow ng:

Wl | Nunber Februarv 1984 Decenber 1985

106A Log No Log
106B No Log Log
107A Log No Log
110A Log Log

Simlar to the «caliper logging program the tenperature |ogging program was
restricted in February 1984 because of inaccessibility of the well pads and in
Decenber 1985 because of funding limtations.



FINITE ELEMENT ANALYSI S

Finite Elenent Program

Cal cul ati ons of borehole closure due to salt creep were made by use of the
finite element conputer program named SANCHO. SANCHO is a finite el ement
structural computer program devel oped from HONDO |1 (Reference 5) specifically
for calculating the creep closure of underground cavities in rock salt

(Reference 6). Uses of the programto date are docunented in References 7
through 12. SANCHO is a large strain, large defornmation programcontaining a
variety of constitutive nodels which provide the relationship between stress
and strain. The solution strategy is based on dynamic relaxation wherein an

acceleration termis added to the equilibriumequation converting the static
problem into a dynamic one in pseudo time to iteratively obtain an equilibrium

sol ution. An instantaneous "optinmunm' danping value is conputed internally at
each time step and used to follow the "transient” response out in pseudo tine
until a solution is converged. Satisfaction of global equilibriumat each |oad

step is wused to control the convergence of the iterative procedure. The
magni tudes of the residual force vector and the applied |load vector are
conpared to determ ne when gl obal equilibrium has been reached.

The material nodel for creep is a power |aw nodel for secondary (steady
state) creep. The creep nodel is integrated "sem -analytically" by a technique
whi ch has been shown to be accurate for any strain increment. This nethod has
no stability or time step restrictions as are usually associated with classical
Euler integration. The only restriction is that the strain rate should be
approximately constant during the tine step.

Material Properties

At the time this study was initiated, salt fromthe Big H Il site had not
been tested to obtain elastic or creep material properties. The creep nodel
paraneters derived from conpression and extensive (triaxial) testing of salt
core from the Wst Hackberry site (Reference 13) were used in this study.
After the initiation of this study, salt cores fromthe Big HIIl site were
eval uated (References 14 and 15). Creep properties of the Big H Il salt were
very simlar to those of Wst Hackberry salt and thus, there appeared to be
little reason for repeating the finite elenent analysis with adjusted salt
properties.



As nentioned previously, the programuses a secondary (steady state) creep
model of the form

e =A exp (-Q/RT) (0 )" (1)
wher e

e

effective secondary creep strain rate,

A

| aboratory determined constant,

activation energy,

o0
¥

)
'

uni versal gas constant,

=
1

tenperature in degrees Kelvin,

ef fective stress, and

Qal
]

>
1

stress exponent.

e and 0 are scalar quantities that are proportional to the second invariants of
the deviatoric strain and stress tensors, respectively.

The | aboratory determined creep coefficients for Wst Hackberry salt,
together with the elastic constants obtained fromquasi-static tests, Reference
16, are as foll ows:

A = 4.915E-11 1/(day)(psi)®
Q = 13.12 kcal/(mole K)
n=417193

Youngs Mbdul us = 5.57E6 ps

Poi ssons Ratio = 0.30

Finite Elenment Mde

A borehole that is 15 in in dianmeter and 2700-ft deep (bel ow the cenented
casing) is difficult to mydel with a single typical finite el enent mesh because
of the gross difference in dimensions in the two directions. One nethod used
in the past (Reference 17) includes a finite elenent nodel of a thin horizonta
slice such as that shown in Figure 4. The nodel is two-dinmensiona
axi symmetric with brine pressure on the left end and constant lithostatic
pressure on the right end. The top and bottom of the nodel are constrained to
prevent vertical novenent but allow horizontal novement. A single borehole is
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represented by four of these nbdels, each of which corresponds to a different
dept h. The small thermal nass of the borehole fluid in relation to the
suvcounding salt results in the borehole arriving at thermal equilibriumwith
the surrounding salt relatively quick, and with little thermal influence on the
surrounding fornmation. It is therefore assuned that the borehole tenperature
iz very close to the salt tenmperature and that this tenperature is constant
Wi th distance fromthe borehole at any depth. Depths of the four nodels,
together with corresponding tenperatures fromwell logs included herein, are
listed below. Also listed are borehole | oading pressures for the wells filled
with saturated brine and with wellheads open to the atnosphere. Lithostatic
pressure is assuned to increase at the rate of 1 psi per foot of depth.

Borehole Lithostatic
Dept h Tempgrature Pressure Pressure
(£t (F) (psi) {(psi)
2115 108 1102 2115
3000 118 1563 3000
4000 133 2084 4000
4700 144 2449 4700

As nmentioned earlier, pressures in the wells were cycled over several
nmonths by shutting in the wells, allowing salt creep to cause an increase in
pressure, and then relieving this pressure by removing brine fromthe well.
For three of the wells, 106B, 107B and 109A, piecew se |inear approxi mations of
measured wellhead pressures were added to the above borehole pressures to
obtain a nore accurate representation of boundary conditions in the borehole
for the finite element calculations during the early part of the test period.

In addition, calculations were nade for 2000 days for a typical well
assumng constant wellhead pressures of 0, 200, and 400 psi. The pressure of
400 psi is near the average wellhead pressure of 387 psi during the nmjor
(later) part of the tests when the ranges of allowable pressure cycles were
m ni m zed.

EXPERI MENTAL RESULTS
Pressure Measurenents

Pressures nmeasured in the wells fromthe times the wells were conpl eted
until Decenber 1985 are included in Figures 5 through 9. The pressure spike at
about 130 to 150 days corresponds to the well tests at wellhead pressures of

800 psi.

Approxi mati ons of the pressure increase rates on each cycle with pressures
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bet ween about 300 and 500 psi were obtained by linear regressions of pressure
versus time data. Results of these linear regressions are sunmarized in Table
I

The sharp drop in pressure followi ng each period of pressure buildup
resulted from the renoval of brine fromthe wellhead. A sunmary of the
pressure drops during bleed offs, together with neasured volumes of brine bled,
is presented in Table II.

It is noted that brine which included gas accunul ated at the wel | heads of
well's 106A, 106B, 107A, 107B and 108B during each pressure buildup and bl eed
off cycle. The presence of gas was indicated by boiling and foam ng of brine
after it was renoved fromthe well. No gas was noted in the other wells.

Caliper LoOPS

Borehole di ameter neasurements from the caliper logs are summarized in
Table I11. The table includes borehole di aneters cal cul ated as discussed
previously by assuming linearity of the caliper tool and by using the known
i nside diameter of the hanging string just above its bottom as a reference.
The table also includes changes in open hole radius between the February 1984
and the Decenber 1985 logs, and a radial clearance between the open hole
di aneter and a collar on the 10 3/4-in hanging string.

Borehole Temperature Llogs

Results of the individual borehole tenperature logs are presented in
Fi gures 10 through 12. Figure 11 includes a conplete log for well 107A and a
section of the log which was repeated because of a slightly different
temperature profile than noted for wells 106a and 110A in Figure 10. The
repeated section confirmed the initial log. The log for well 106B i n Decenber
1985, Figure 12a, includes a tenperature discontinuity at about the 1100-ft
depth. There was no reason to suspect a problemwth the tenperature tool, and
no explanation of the discontinuity is available.

Figure 13 is an overlay of all the tenperature logs of Figures 10 through
12. Data of this figure indicate somewhat different tenperature profiles at
depths less than 1100 ft, and possibly a slight cooling between February 1984
and Decenber 1985 at these depths. However, at greater depths, the total
variation of tenperature at a given depth is less than 2 F.

THEORETI CAL  RESULTS
Finite elenent calculations were nade for four to six nmonths during the

first year following conpletion of wells 106B, 107B, and 109A using
approxi mati ons of neasured wellhead pressures to define borehole pressures
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(boundary conditions) for the nodel. These calculations were made for‘the time
period during which wellhead pressures were allowed to fluctuate over |arge
ranges and were termnated before the beginning of pressure cycling over the
approxi mte 300-psi to 500-psi range shown in Figures 5, 6, and 8. The
measured wellhead pressure versus tinme histories were approximted by a
sequential series of linear segnents

Curves of radial closure versus days fromwell conpletion for wells 106B,
107B, and 109A, fromthe finite elenent calculations, are given in the "B"
graphs of Figures 14, 15, and 16, respectively. The "C" graph in each figure
gives the variation wth tinme of well volume corresponding to the cal cul ated
radial closure. Volune changes were calcul ated by assuming a linear variation
of radius between depths for the finite elenment calculations. An initial
borehole dianmeter of 15 in was assuned for these calculations. The closure
curves show a significant increase in closure with borehole depth. The radial
closure essentially doubles for each 1000 ft of increased depth.

Wellhead pressures were calculated using the initial well volumes, the
change in well volunes due to salt creep, and the conpressibility of brine in
the wells. These calculated pressures are included with the neasured wellhead
pressures in the "A" graphs of Figures 14 through 16. The calcul ated pressures
for wells 106B and 107B increase nore slowy than neasured values and at the
end of the four-nmonth calculation periods are |ower than neasured values by a
factor of about two to three. Results are simlar for well 109A but at the end
of the six-month calculation period are bel ow nmeasured values by a factor of
about 1.5.

Additional finite elenent calculations of radial closure were made for a
| onger period of tine (2000 days) with wellhead pressures of 0, 200, and 400
psi. These pressures al nost cover the range of pressures between those with an
open wellhead and nmaxi mum val ues which may be allowed w thout danger of opening
pressure relief valves set for 500 psi. Results are included in Figure 17.
Wel|l volumes corresponding to the radial closures of Figure 17 are summari zed
in Figure 18.

DI SCUSSI ON OF RESULTS

Experinental results of pressure increase rates, volumes of brine |ost
fromthe wells, and radial borehole closures over the 22-nonth test period are
summarized in Table |V It is noted that data of Table |V are separated
according to whether gas was detected at the wellheads at the tinmes of brine
bl eed off. The total volume of brine removed and |ost from thewells includes
an estimate of |eakage at an average pressure of 387 psi, based on results of
well leak tests at 800 psi from Reference 4. Estinates of leak rates at 387

13



psi were nmade by use of the follow ng equation from Reference 18.

1
U a dp/dX 2-n (2)
n
pV

wher e

U = flow velocity in |eak path,

dP/dX = pressure gradient in leak path,
¢ = fluid density,
Vv = kinematic viscosity, and,
n = an exponent with a value between 0 and 1

whi ch depends on conditions of the flow and
| eak path

Wth brine at a given tenperature, |eakage froma specific depth in the
well, y,, and discharge fromthe |eak path to a global hydrostatic pressure at
some | esSer depth, Yar equation 2 can be re-witten

1 1
Ez AP2 2-n P2 + 0.52 x Yy - B ¥ Y4 2-n

. = A = R
Ll uPl P1 + 0.52 x Yy - &, X Vg4

(3

wher e
g = hydrostatic gradient fromsurface to depth of
| eak path discharge (a reasonabl e val ue of 0.46
psi/ft is assumed),

subscript 1 refers to conditions at an 800-psi well-
head pressure during |eak test, and

subscript 2 refers to conditions at an average well-
head pressure of 387 psi during the current
test.

A leak rate ratio, U /Ul’ was cal cul ated assuming the case of a leak fromthe
casing seat depth of 2%00 ft to a global hydrostatic pressure at top of salt at
a depth of 1600 ft. The value of this ratio used in Table IV was 0.722, the
average of values from Equation (3) assum ng values of n-0 and n=1.
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It is noted in Table IV that pressure increase rates and volumes of brine
bled from "gassy" wells were roughly double values for "non-gassy" wells. The
increased rate of pressure buildup is consistent with gas accunul ation at the
wel | head. The increased volume of brine renoval required to reduce pressures
by given amounts is consistent wth higher well elasticities, which would
result from communication of brine in the well with a gas formation. It is
noted, however, that during the leak tests of Reference 4, a trace amount of
gas was noted in only one well, and no significant differences in well
elasticities were noted between the wells now found to be "gassy" and those
that are "non-gassy".

The finite element calculations indicated a well volume reduction of 21
cubic feet during 22 nonths (669 days) at a wellhead pressure of 400 psi,
Figure 18. This is a factor of 2.5 less than values of total brine lost from
the "non-gassy" wells over the same tine span at about the same pressure |evel,
Table V. There is no clear explanation of the discrepancy, though simlar
di screpanci es between neasured and cal cul ated vol ume changes have been noted in
anal yses of results fromdrifts mned in bedded rock salt, Reference 19. It is
not logical to try to conpare the finite element results with experinental
results for the "gassy" wells.

The finite elenment volunme change results of Figure 18 were also used to
cal cul ate pressure increase rates at tines between 500 and 660 days,
corresponding to about the last six nonths during which pressures were
measur ed. Cal cul ated pressure increase rates were 3.5 psi/day with zero
wellhead brine pressure, 1.9 psi/day with 200-psi wellhead brine pressure, and
1.3 psi/day with 400-psi wellhead brine pressure. The calcul ated value at 400
psi conpares wth an average experinmental value of 2.6 psi/day for the non-
gassy wells (Table 1IV) which was obtained at about the same pressure |evel
(average pressure of 387 psi). Thus , finite element calculated pressure
increase results are a factor of 2 less than experinental results. This is
generally consistent wth the finite el ement volume change being a factor of
2.5 less than experinental.

The caliper log results of Table Ill indicate a |large range of neasured
reduction of borehole radius over the 22-nmonth test period. The average radius
reduction indicated is 0.31 20.22in. The finite elenent results for the sane
time period at 400-psi wellhead pressure indicate a radius reduction of 0.08
in, a factor of four |ower than the average neasured value. The fact that this
di screpancy between calculated and neasured radial closure is about twice as
great as that between calculated and neasured volume decrease rates and
pressure increase rates is believed likely to be due to inaccuracies in
borehole caliper log results. The previously nentioned standard deviation of
the caliper tool gauge ring calibrations is about half the average indicated
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radius reduction of 0.31 in. The discrepancy between gauge ring and downhole
calibration in the hanging strings is considerably greater. The factor of two
to  four between neasured and calcul ated results, though certainly greater than
desired, represents a considerably inproved confidence in conputational
capability over that of five years ago when alnost no experimental data for

It is of interest to note in Figure 17C that the calculated radial closure
at the 4700-ft depth after 2000 days (66 months) is 0.16 in, about twice that
noted above after 22 nonths.

Triaxial creep experinments on cylindrical specinens of several natural
rock salts have shown that the prinary-creep stage of the test ends at an
crrreximate creep strain range of 0.5 to 3.0 percent, depending on the
confining pressure, the tenperature, and other test conditions, References 12

and 13. The finite element calculation with a constant wellhead pressure of
400 psi was used to obtain an estimate of the variation with time of creep
strain at the borehole boundary. This should give sonme indication of the

anount of tinme from borehole conpletion during which primary creep wll
influence the wellhead pressure rise. Because of the significant increase in
closure wth depth (Figures 14 to 16), the closures at 4000 and 4700-ft depths
dom nate the volunetric response of the borehole and consequently the wellhead
pressure. The calculated creep strain at the borehole boundary at the 4700-ft
depth reached 0.5 percent 250 days after well conpletion and 1.0 percent 1125
days after well conpletion. At the 4000-ft depth, the calculated strain at the
borehole boundary reached 0.5 percent after 1150 days. The calculated strains
at the 2115 and 3000-ft depths were well below 0.5 percent at the end of the
calculation (2000 days). The calcul ated borehole pressure increase rates are a
factor of approximately two |ess than neasured values. Since pressure change
is proportional to volune change, the calcul ated volune of the borehole should
also be a factor of two less than the actual vol une. It can be shown that for
small di spl acements the borehole volume is a linear function of displacenent at
the borehole wall so a factor of two also applies to wall displacenment. An
analysis of the strain tensor shows that for an axisymretric borehole, a factor
of two increase in creep displacenent wll also result in a factor of two
increase in creep strain. Thus, the factor of two between neasured and
cal cul ated pressure increase rates is also expected to apply to the difference
between actual and calculated strain rates. Using this factor of two and the
nonlinear creep strain versus tine curves (not included herein), creep strain
at the borehole boundary at the 4700-ft depth reached 0.5 percent after 100
days and 1.0 percent after 450 days. A sinmilar exercise for the 4000-ft depth
shows creep strain reaching 0.5 percent after 430 days. These results indicate
that primary creep will have an inpact on borehole perfornmance for at |east 100
to 450 days. It will probably be much |onger since primary creep may continue
through 3 percent creep strain. Also, the calculated strains in the primry
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creep range at the 2115 and 3000-ft depths are indicated for thousands of days.
However , the contribution of this portion of the borehole to volunme | oss and
pressure rise will probably not be detectable.

The neasured pressures for wells 106B, 107B, and 109A during the first
fzur to six nmonths of the tests and the cal cul ated pressures are conbined on
individual graphs in Figure 19. Tinme in the graphs is the nunber of days from
conpletion of the individual wells. For the neasured results, Figure 194, the
initial pressure increase rate for well 107B is greater than that for well
106B, which is in turn greater than that for well 109A. This decrease in
initial pressure increase rate coincides with increasing time from well

conpl eti on. It is logical that primary creep, which decreases with tine, is
probably  responsible for some of this behavior. The higher initial pressure
increase rates for wells 106B and 107B are probably also due, in part, to gas

accumul ation at the wellheads, which was not present for well 109A. Prinmary
creep would be expected to cause wellhead pressure buildup at a rate which -
decreases with time. The general trend of pressure buildup results in Table |
appears to be just the opposite; that is, toward a pressure buildup rate which
increases wth tine. Thus, the pressure data indicate the absence of
significant primary creep effects during this latter part of the test.

while there is nmuch variation between neasured val ues of radial closure of

the wells, the results of Table IIl indicate sone unconfortably snall
cl earances Dbetween the boreholes and collars on 10 3/4-in casings in the "B"
well's whi ch are hung to depths of about 4365 ft. Consequently, a
recommendati on has been made by Sandia to DCE for a small |eaching program of
all  "B" wells with 10 3/4-in hanging strings to the 4365-ft depth, Reference
20. The recommended program includes injection of raw water at a rate of 100

gallons per minute for 8 hours. The programis designed to increase the radial
clearance at the bottomof the 10 3/4-in casing by about 3 in, an anount which
is expected to avoid salt "capture" of the 10 3/4-in casing for a period of
about ten years.

CONCLUSI ONS

An experimental program was carried out with several Big H Il wells to
determne whether salt creep closure is likely to result in salt capture of
hangi ng strings. Measured creep closures were sufficient to indicate the need
for a small |eaching programto insure no capture of 10 3/4-in strings hung to
near the bottom of the wells in the event that |arge-scale leaching is not
i npl enented in the near future. Theoretical calculations of creep closure
using the "SANCHO' finite elenent conputer program indicated radial and
volumetric «creep closures |less than experinmental values by factors of 4 and
2.5, respectively.

17
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Table I. Summary of Wellhead Pressure Buildup Results During Shut In

A. Wells 106A and 106B

Constants For Equations
O Pressure Build uUp
Days From Oct 1, 1983 From Linear Regressions

B Aver age Aver age
el | Begi nni ng Beginning End O I nt er cept Sl ope Pressure Sl ope
Nunber Dat e of Shut In Shut In psig psi / day psi psi/day

BH106A 12- Sep-a4 347 375 338 3.218 383.1
15~0ct-84 380 425 357 2.498 413.2
04~Dec-84 430 463 356 3.138 407.0
| 0-Jan- a5 467 496 327 3.673 380.3
13~Feb-85 501 521 331 4.395 375.0
08~-Mar-85 524 542 338 3. 847 372.6
29-Mar-85 545 566 335 3.830 375.2
24~Apr-85 571 587 338 3.837 368.7
15~May-85 592 611 336 3.893 373.0
06~-Jun-85 614 682 329 1. 417 377.2
16- Aug- a5 685 711 358 3.004 397.1
16- Sep- a5 716 740 359 2.795 392.5
16~0Oct-85 746 768 362 2.581 390. 4
13-Nov-85 774 788 356 3.652 381.6 3.270

BH106B 12- Sep- a4 347 375 344 3.636 394.9
21- Nov- 84 417 437 347 3. 845 385.5
15-0Oct-84 380 412 360 3.137 410. 2
14-Dec-84 440 471 351 3.116 399.3
| a- Jan- 85 475 496 340 4.384 386,0
13~-Feb-85 501 521 332 5.072 382.7
08~-Mar-85 524 542 346 4.525 386.7
29-Mar-85 545 564 341 4.623 384.9
22- Apr-85 569 507 353 4.413 392.7
15~-May-85 592 611 337 4.872 383.3
06-Jun- a5 614 634 322 4.989 371.9
a -Jul -a5 639 661 327 4.776 379.5
26-Jul - a5 664 682 343 4. 540 383.9
16- Aug- a5 685 705 336 4.563 381.6
| 0- sep-ab5 710 726 346 4.846 384.8
01-Oct-85 731 747 334 5.033 374.3
22-0ct-85 752 768 337 4.441 372.5
13- Nov- a5 774 787 347 4.478 376.1 4. 405
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wel |
Number

BH107A

BH107B

Table 1 Summary of

B.

Days From Oct 1, 1983

Begi nning Beginning  End Of

Date O Shut In Shut In
21- Nov- 84 427 437
14-Dec-84 440 463
| 0-Jan-85 467 485
31-Jan-85 488 502
20- Feb- 85 508 524
13-Mar-85 529 541
28-Mar-85 544 559
17- Apr -85 564 577
06- Jun- 85 614 673
28-Jun-85 636 657
24-Jul-85 662 677
13-Aug-85 682 695
29-Aug-85 698 711
29-0ct-85 759 768
13-Nov-85 774 787
03-0Oct-84 368 375
15-0ct-84 380 394
A - Nov- 84 397 412
12-Dec-84 438 450
28-Dec-84 454 471
18~Jan-85 475 485
31-Jan-85 488 502
20-Feb-85 508 521
08-Mar-85 524 541
28-Mar-85 544 559
17- Apr -85 564 577
06- Jun- 85 614 633
28-Jun-85 636 653
18-Jul-85 656 670
06-Aug-85 675 682
16- Aug- 85 685 695
29-Aug-85 698 711
16- Sep- 85 716 726
01-0ct-85 731 740
16-0ct-85 746 754
29-0ct-85 759 768
13-Nov-—-85 774 7R]
27- Nov- 85 788 800

Wellhead Pressure Buildup Results During Shut

Constants For

Wells 107A and 1078

Equat i ons

O Pressure Build Up

From Li near

Regr essi ons

Intercept Slope
psig psi / day
347 4.541
349 4.289
339 5.128
328 6.302
362 4.749
348 7.060
331 5.915
346 5. 960
319 5.374
334 4.978
367 4,931
376 4,785
367 5. 208
349 5.274
356 4.648
352 7.216
361 6. 383
347 6. 524
365 6. 725
361 5.088
347 8. 000
329 7. 453
382 5. 426
346 6. 551
343 6. 493
356 6. 266
323 5. 989
345 5. 599
365 4,992
373 6. 116
345 6. 833
356 5.238
365 6.061
352 7.744
376 6. 481
360 6. 037
367 6.431
360 5.833

Aver age

I'n

Pressure
psi

392.
398.
385.
372.
400.
390.
375.
384.
370.
386.
404.
407.
400.
372.
386.

377.
405.
395.
405.
404.
387.
381.
417.
401.
391.
396.
379.
392.
399.
394.
379.
390.
395.
386.
401.
387.
395.
395.

NNORPOWRr~NaPrORLRNWH

OOWNwVowwWoNP,PoOOTONN~NWNONMNPONW

Aver age
Sl ope
psi / day

5.277

6.325
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Table |. Sumrary of Wellhead Pressure Buildup Results During Shut In

C. Wells 108A and 1088

Constants For Equations
of Pressure Build Up
Days From oct 1, 1983 From Linear Regressions

~ _ - . Aver aqge Aver age
el | Begi nni ng Beginning End Of I nt er cept Sl ope Pressure Slope
Nunmber Dat e O Shut In Shut. In psig psi/day psi psi / day
BH108A 10-Oct-84 375 437 375 1.133 409.5
14-Dec-84 440 485 363 1.501 396.8
04- Feb- 85 492 527 348 1.719 378.1
14-Mar-85 530 566 342 2.282 383.1
24- Apr -85 571 586 345 2.893 366. 7
14-May-85 591 632 342 2.175 386.6
27-Jun- 85 635 677 354 2. 097 398.0
13-Aug-85 682 705 374 2. 386 401. 4
10-Sep-85 710 728 367 2.759 391.8
01-Oct-85 731 740 336 5.701 361.7 2.463
BH108B 12- Sep-84 347 375 341 3.944 396. 2
15-0ct-84 380 404 361 3.511 403.1
14-Nov-84 410 433 367 3.696 409.5
12-Dec-84 438 463 362 3.923 411.0
| 0- Jan- 85 467 487 346 4.278 388.8
04-Feb-85 492 502 351 5.929 380. 6
20- Feb- 85 508 527 365 3.781 400. 9
14-Mar-85 530 542 343 5. 000 373.0
29-Mar-85 545 566 332 4.431 378.5
15-May-85 592 612 338 4.628 384.3
07-Jun- 85 615 632 340 4.634 379. 4
27-Jun-85 635 657 336 4.275 383.0
13-Aug-85 682 695 369 4. 400 397.6
29~-Aug-85 698 711 361 3.929 386.5
16- Sap- 85 716 726 367 3.628 385.1
01-Oct-85 731 747 343 4.753 381.0
22-0ct-85 752 762 366 3.189 381.9
06- Nov- 85 767 783 347 4. 556 383.4 4.249



Tabl e |

Summary of

D.

Days From oct 1,

Vel | . Beginning Beginning
Number Date Of Shut In
BH109A 12-Dec-84 438

04-Feb-85 492
06-Aug-85 675
16-Sep-85 716
16~0ct~85 746
19-Nov-85 780
BH109B 06-Nov-84 402
13-Dec~84 439
29-Jan-85 486
20-Feb~85 508
14-Mar-85 530
22- Apr -85 569
24-Jul-85 662
29-Aug-85 698
01-0Oct-85 731
29-0ct-85 759
27~-Nov-85 788
BH110A 13-Dec-84 439
29-Jan-85 406
08-Mar-85 524
29-Mar-85 545
06-Aug-85 675
10-Sep-85 710
16-0ct-85 746
19-Nov~-85 780
BH110B 13-Dec-B4 439
29-Jan-85 486
20-Feb-85 508
29~-Mar-85 545
06-Aug-85 675
16- Sep- 85 716
16-0ct-85 746
19-Nov-85 780

Wellhead Pressure Buildup Results During Shut

Wells 109A.

Fnd of

Shut

486
527
711
740
775
804

436
480
502
527
564
579
695
726
754
783
802

480
521
542
577
705
740
775
801

480
502
542
577
711
740
775
801

1383

In

1098,

Constants For
O Pressure
F-om Linear

110A, and 110B

Equat i ons
Build Up
Regr essi ons

" Tntercept = —Siope

psig psi / day
353 1.714
346 2.374
354 2.360
356 2.821
358 2.486
357 2.781
350 2.243
351 2.051
356 2.696
353 3.209
332 2.963
351 3.378
344 2.464
352 2.200
335 3.375
330 3.301
325 3.612
354 1.871
348 2.762
345 3.281
334 2.879
355 2.178
346 2.264
346 2.356
343 2.714
346 2.315
340 3.813
362 2.010
337 3.053
340 2.145
341 2.543
335 2.327
329 2.799

In

Aver age
Pressure

psi

Average
Sl ope
psi / day

394.

387.
396.
389.
394.
390.

388.

393

377.
383.
382.

367

304.
382.
373.

369

350.

392.
396.

374
380
387
380

380.
371.

393.
370.
396.
385.
386.

371

368.
350.

NONRUWA WoooO~NOMUOOR

MNUGOONOGO

AO OO0

2.423

2.863

2.538

2.626
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Table I1I. Summary of Bleed Of Results
A. Wells 106A and 106B
Pressure
psi g
Aver age Tot al
well Days From Before After Gallons 3 3 Gal | ons
Nurber Date Ooct 1, 1983 Bl eed Bl eed Removed  gal / psi ft /day ft /day Renoved
BH106A 28- FEB-84 150
25~-APR-84 208 380 60 40 0. 125 0. 092
03-JUL~84 277 440 40 45 0.113 0.087
10-SEP-84 346 435 300 12 0. 089 0.023
11- OCT- 84 377 430 300 15 0. 115 0.065
OB- JAN- 85 463 455 300 17 0. 110 0.026
11- FEB- 85 498 440 295 15 0. 103 0.057
06-MAR-85 520 415 295 12 0. 100 0.073
27-MAR-85 541 410 300 11 0. 100 0.070
22- APR- 85 567 420 305 12 0.104 0.062
13~-MAY-85 588 405 300 20 0.190 0.127
04~JUN-85 610 410 280 15 0. 115 0. 091
14-AUG-85 682 440 320 12 0. 100 0.022
12- SEP- 85 711 435 315 12 0. 100 0.055
11- OCT- 85 740 430 310 12 0. 100 0.055
OB- NOV- 85 768 420 305 12 0.104 0.057 0.064 262
BH106B 28- FEB- 84 150
25-APR-84 208 370 60 35 0. 113 0. 081
03-JUL-84 277 460 20 45 0.102 0.087
10-SEP-84 346 455 300 15 0. 097 0.029
11-0CT-84 377 445 300 13 0. 090 0.056
19-NOV-84 416 450 300 14 0.093 0.048
12- DEC- 84 439 430 300 12 0.092 0.070
16~-JAN-8BS 471 450 295 13 0.084 0.054
11- FEB- 85 498 440 290 15 0. 100 0.074
06-MAR-85 520 430 300 12 0.092 0.073
27-MAR-85 541 430 300 12 0.092 0.076
18-APR-85 563 430 300 13 0. 100 0.079
13-MAY-85 588 440 300 20 0. 143 0.107
04-JUN-85 610 430 275 15 0. 097 0.091
24-JUL- 85 661 430 300 12 0. 092 0. 031
14- AUG- 85 682 425 295 32 0. 092 0.076
06- SEP- 85 705 440 300 12 0.086 0.070
07- NOV- 85 768 410 285 12 0.096 0.025
04-DEC-85 794 420 320 12 0.120 0.062 0.066 294
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wel |
Number

BH107A

Date

26- FEB- 84
25-APR-84
11- JUN- 84
18- JUL- 84
10-SEP-84
19-NOV-84
12- DEC- 84
08- JAN- 85
30~JAN-85
15-FEB-85
11- MAR- 85
27-MAR-85
15- APR- 85
OI-MAY-85
04- JUN- 85
26-JUN~85
22-JUL- 85
09-AUG-85
27- AUG- 85
12- SEP- 85
08- NOv- 85
04- DEC- 85

B. Well 107A
Pressure
psig
Days From Before After Gal | ons
Oct 1, 1983 Bleed Bl eed Renoved
148

208 485 35 55
255 460 65 45
292 440 20 50
346 475 300 17
416 460 300 17
439 440 300 15
463 445 300 16
485 445 300 15
502 420 300 17
525 450 300 { 18
541 420 300 15
560 430 305 15
576 420 40 48
610 400 285 15
633 420 300 15
659 445 310 12
677 440 325 12
695 440 340 12
711 435 330 12
768 400 300 12
794 435 350 12

Table II.

Summary of

Bleed Of Results

gal / psi

0000000000000 00000000

122
114
119
097
106
107
110
103
142
120
125
120
126
130
125
089
104
120
114

. 120
. 141

ft

3

/ day

Average
3
ft /day

Tot al
Gl | ons
Rermoved

0000000000000 000O

. 123
. 128

181

. 042

032
087

. 089
. 091
. 134
. 105
. 125
. 106
. 401

059
087
062
089
089
100

. 028
. 062

0. 106

445
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Table 1I1. Summary of Bleed Of Results

C. Wll 1078

Pressure
psig
Aver age Tot al
el | Days From Before After Gal | ons 3 3 Gl | ons
Nurber Date oct 1, 1983 Bl eed Bl eed Removed gal/psi ft /day ft /day Renoved
BH107B 26- FEB- 84 148

25- APR- 84 208 485 35 55 0.122 0.123
a - JUN- 84 245 460 50 45 0. 110 0.163
03~-JUL-84 277 460 20 50 0.114 0. 209
08-AUG-84 313 450 10 50 0.114 0. 186
10-SEP-84 346 410 300 11 0. 100 0. 045
a - CCT- 84 367 440 300 14 0. 100 0. 089
11- OCT- 84 377 410 300 12 0.109 0. 160
19-NOV-~84 416 450 300 15 0. 100 0. 051
10~-DEC~84 437 415 300 16 0. 139 0.102
26-DEC-84 450 445 295 15 0. 100 0.154
16- JAN- 85 471 455 300 16 0.103 0.102
30-JAN-~85 485 435 300 15 0.111 0.143
15- FEB- 85 502 440 300 15 0. 107 0.118
06-MAR~-85 520 450 290 18 0.113 0.134
26-MAR-85 540 450 290 18 0.113 0.120
15- APR- 85 560 450 300 18 0. 120 0.120
a - VAY- 85 576 440 20 60 0. 143 0.501
04-JUN-85 610 430 275 15 0. 097 0.059
26-JUN-85 633 435 300 15 0.111 0.087
16- JUN- 85 653 440 325 12 0.104 0.080
02~-AUG~-85 670 450 320 12 0. 092 0.094
14-AUG-85 682 420 310 32 0. 109 0.134
26-AUG-85 695 425 310 12 0.104 0.123
12- SEP- 85 711 420 310 12 0. 109 0. 100
11- OCT- 85 740 425 310 12 0.104 0. 055
08- NOV- 85 768 420 320 12 0. 120 0.057

25- NOV- 85 785 440 320 12 0. 100 0.094 0.126 569



wel |
Number

Dat e

BH108A

BH108B

11- FEB- 84
05- OCT- 84
12~-DEC-84
31~-JAN-85
12-MAR~85
22- APR- 85
13-MAY-85
25- JUN- 85
03-AUG-85
06- SEP- 85

11- FEB- 84
25- APR- 84
10-JUL-84
10-SEP-84
11- OCT- 84
09-NOV-84
10-DEC-84
08- JAN- 85
31-JAN-85
15-FEB-85
12-MAR-85
27- VAR- 85
22- APR- 85
13-MAY-85
05-JUN-85
25- JUN- 85
22-JUL- 85
09-AUG-85
27-AUG-85
12- SEP- 85
25-NOV-85

Tabl e

Days From
oct 1,

134
372
439
486
526
567
588
632
677
705

134
208
284
346
377
406

1983

1. Sunmary of Bleed Of Results
D. Wells 108A and 108B
Pressure

psig

Before After Gal | ons

Bl eed Bl eed Renoved gal / psi

460 300 20 0.125

440 295 15 0.103

425 295 15 0. 115

410 285 15 0.120

425 300 12 0. 096

395 300 21 0.221

425 300 15 0. 120

435 320 12 0.104

430 320 12 0. 109

385 45 50 0. 147

455 32 60 0. 142

445 300 16 0. 110

450 300 18 0.120

445 300 16 0. 110

440 300 18 0.129

460 295 18 0. 109

445 300 18 0.124

410 295 13 0.113

440 305 20 0. 148

400 295 14 0.133

435 300 17 0.126

425 300 17 0. 136

430 300 15 0. 115

415 300 15 0. 130

430 340 12 0. 133

425 320 12 0.114

425 325 12 0. 120

415 320 12 0.126

425 320 12 0.114

ft /day

coooo00000

0000000000000 0000000

3

011
030
043
050
039
134
046
036
057

090
106
035
078
074
078
093
105
109
111
125
087
108
087
096

.059

089
089

100
022

Average

ft

3

0. 049

0.087

Tot al
Gl | ons

/day Renoved

137

385
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Table I1. Summary of Bleed Of Results

FE. Wlls 109A and 109B

Pressure
psig
Average Tot al
el | Days From Before After Gal | ons 3 3 Gal | ons
Number Dat e Oct 1, 1983 Bleed Bl eed Removed gal/psi £t /day ft /day Renpved
BH109A 12-FEB-84 135
| o-JUL- 84 284 420 30 45 0.115 0.040
10-DEC-84 437 435 295 15 0.107 0.013
31-JAN-85 486 475 300 15 0.111 0.041
12- VAR- 85 526 425 180 30 0.122 0. 100
03-MAY-85 578 475 35 45 0.115 0.116
02- AUG 85 670 450 310 15 0. 107 0.022
12- SEP- 85 711 435 320 12 0.104 0. 039
11- OCT- 85 740 375 305 12 0.171 0.055
15- NOV- 85 775 435 300 12 0. 089 0.046 0.052 201
BH109B 12- FEB-84 135
10-JUL-84 284 435 34 45 0.112 0.040
11- DEC- 84 438 430 300 13 0. 100 0.011
25- JAN- 85 480 440 300 15 0. 107 0.048
15- FEB- 85 502 410 300 11 0. 100 0.067
12-MAR-85 526 415 285 15 0.115 0.084
18- APR- 85 563 430 300 13 0. 100 0.047
03-MAY-85 578 425 35 45 0. 115 0.401
22-JUL-85 659 425 330 12 0. 126 0.020
27-AUG-85 695 425 305 12 0.100 8.045
25~-NOV-85 785 440 320 12 0. 100 0.018 0.078 193
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Table 11. Summary of Bleed Of Results
F. Wells 110A and 110B
Pressure
psig
Aver age Tot al
wel | Days From Refore After Gal | ons 3 3 Gallons
Nunmber Dat e Oct 1, 1983 Bleed Bleed Renoved gal/psi ft /day ft /day Renoved
BH110A 13-FEB-84 136
08-AUG-84 313 435 20 50 0.120 0.038
Il - DEC- 84 438 450 300 15 0. 100 0.016
25- JAN- 85 480 435 300 13 0.096 0.041
27-MAR-85 541 400 300 11 0.110 0.024
a - MAY- 85 576 420 30 48 0.123 0.183
02- AUG 85 670 430 320 12 0. 109 0.017
06-SEP-85 705 415 300 12 0.104 0.046
11- OCT- 85 740 415 275 12 0.086 0.046
15-NOV-85 775 420 305 12 0.104 0.046 0.051 185
BH110B 13-FEB-84 136
08-AUG-8B4 313 425 25 50 0.125 0.038
Il - DEC- 84 438 450 300 15 0. 100 0.016
25-JAN-85 480 450 300 17 0.113 0.054
15- FEB- 85 502 410 300 10 0.091 0.061
06-MAR-85 520 440 295 15 0.103 0.111
27-MAR-85 541 440 295 10 0.069 0.064
a - MAY- 85 576 430 35 45 0.114 0.172
02-AUG~-85 670 425 310 12 0.104 0.017
12-SEP-85 711 420 305 12 0.104 0.039
11- OCT- 85 740 405 300 12 0.114 0.055
15- NOV- 85 775 410 300 12 0.109 0.046 0.061 210



Table T1I. Summary of Caliper Log Results

X-Y Caliper Record Pen Displacement

in
Logs Of FEB-84 Logs O f DEC-85 Average Diameter, in
_ I I Radius Change Corresponding Radial

well Cal iper T Indicated Ry Clearance Of 11.75-in OD
Number Depth. ft  X-Value Y-Value X-Value Y-Value FEB-84 Log DEC-85 Log Two Logs, in 10 3/4 Collar, in
106A * 2650 0.79 0.82 0.810

2 100 1.21 1.29 1.240 15.602 15.385 -0.108

4600 1.21 1.28 1.180 15.540 14641 -0.450 1.445
106B ** 4650 0.61 0.58 0.550 0.660 0.077

4700 1.18 1.13 1.070 1.150 12.573 11.904 -0.314
107B ** 4650 0.56 0.62 0.520 0.600 0.757

4700 1.24 1.25 1.140 1.150 13.6536 13.264 -0.196
1088 %% 4650 0.590 0.640 0.720

4700 1.240 1.250 13.206
109B *%* 4650 0.560 0.650 0.390

4700 1.140 1.200 12.531
110A * 2650 0.07 0.84 0.870 0.900

2700 1.24 1.24 1.210 1.410 14.580 14.861 0.141

4600 1.26 1.24 1.170 1.390 14.695 14.519 -0.088 1.384
1108 ** 4650 0.57 0.57 0.540 0.650 0.646

4700 1.24 1.25 1.160 1.230 14.101 13.043 -0.529

Average Of Values At 4600 And 4700-ft Depths 14.105 13.301 -0.315 0.775

* Caliper Tool Inside And Near Bottom Of 10 3/4-in Suspended Casling With 10.050 ID

** Caliper Tool Inside And Near Bottom Of ?-in Suspended Casing With 6.456-h ID
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TABLE TV. Condensed Overall Summary of Experimental Results.

Over 22-Month Test Period

(1) Col (7) + Col (3
1) (?) Fstimate o f Total Brine Lost- (4)
Measured Total Brine Leaked Sum o f Measured Radius Change
Pressure Rline a t Ave Press Volume Bled and at 4100-t-t
Increase Rled o f 387 psl Estimated Leak Depth
Wwell Rate 3 3 3 Calips
Number Gassy? psi/day ft ft ft in
106A Yes 3.270 315.0 19.3 74.3 -0.450
106B Yes 4 405 193 53.4 92.7 -0.314
107A Yes 5.277 59.5 75.9 05.4
1078 Yes 6.325 /6.1 31.1 101.2 -0.196
108B Yes 4249 51.5 23.7 75.2
Average 4.705 52.3 34.7 87.0 -0.320
108A No 2.463 18.3 66.0 84.3
109A NO 2.423 76.9 18.5 45.4
1098 No 2.863 25.8 23.7 49.5
110A No 2.538  74.7 71.5 46.2 -0.088
1108 No 2.626 28.1 9.6 37.7 -0.529
Average 2.583 74.8 27.9 52.6 -0.309

(1) Average from Table 1

(2) From Table 11

(3) Based on Measured Leak Rate at 800 psi Wellhead Pressure from Reference 4
Adjusted to Averapge Wellhead Pressure of 387 psi

(4)' From Table 111
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I|: —42_CONDUCTOR PIPE

36’ HOLE DRIVEN TO 120°=

30" _CASING

26’ HOLE . SET AT 15° TO 100’
. INTO CAPROCK

20" 'SING i L
SET AT 1750’ : :

17-1/2" HOLE

4 LI _13-3/8" CASING
‘ .~ SET AT 2100’

10-1/4" CASING
HUNG AT 2680’ =20’

15" HOLE

T.D. 4700 = —

NOTES:
1. ALL DEPTHS ARE APPROXIMATE.

2. HOLE DIAMETERS SHOWN ARE
MINIMUM HOLE SIZES.

Figure 2. Design Sketch of “"A" Wells.
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| |
: : "DRIVEN TO 120'=
36" HOLE
4. k__ 30" CASING
26" HOLE : ! SET AT 18’ TO 100’
: { INTO CAPROCK
20" CASING i) | &

SET AT 1750 :

17-1/2" HOLE

| Li13-3/8" CASING
: I SET AT 2100’

15" HOLE

[ |)10-1/4" casinG
: HUNG AT 4365 £ 20’

i | |i7"casiNG
T.D. 4700 £ — HUNG AT 4665’

NOTES:
1. ALL DEPTHS ARE APPROXIMATE.

2. HOLE DIAMETERS SHOWN ARE
MINIMUM HOLE SIZES.

Figure 3. Design Sketch of "B’ Wells.
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Figure 4. Two-Dimensional Axisymmetric Finite Element Model
of Borehole Horizontal Slice.
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Figure 5. Pressure-Time Histories for Big Hill Wells 106A and 106B.

(Wellhead pressures measured in 13 3/8 x 10 3/4-inch annulus.)
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Figure 6. Pressure-Time Histories for Big Hill Wells 107A and 107B.
(Wellhead pressures measured in 13 3/8 x 10 3/4-inch annulus.)
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Figure 8. Pressure-Time Histories for Big Hill Wells 109A and 109B.
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Figure 9. Pressure-Time Histories for Big Hill Wells 110A and 110B.
(Wellhead pressures measured in 13 3/8 x 10 3/4-inch annulus.)
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Figure 10. Temperature Logs of Big Hill Wells 106A and 110A.
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Figure 11. Temperature Logs of Big Hill Well 107A.
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Figure 12. Temperature Logs of Big Hill Wells 106B and 110A.
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Figure 13. Overlay of Big Hill Well Temperature Logs of Figures 10 through 12.



' PRESSUFE

-
-

BOREHOLE VOLUME RADI ALCD S U REWELLHEAI

500
450
400
350

(psi)
NV W
QU
QOO
PP b

0
»J
1

0 100 200
TIME (days)

LEGEND

FIELD DATA
- CALCULATION

A. Wellhead brine pressure.

LEGEND

2115 ft DEEP
- 3000 ft DEEP

---------- 4000 ft DEEP
----- 4700 ft DEEP

B. Radial closure.

€. Volume.

Figure 14. Finite Element Results for Big Hill Well 106B.
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Figure 15. Finite Element Results for Big Hill Well 1078B.
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